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<( o This nport muntn‘ ﬂxe nmltl ol tq cnctmrtnc t'nt m designed ,"f;
to demcustrate the e¢spabilities of s Damposity tef1 on/slominum sxpuleion )mr 5
for use in nitrogen tatroxide, The program sacompasged investigatiom oF gus . »
: " .| frensmission propurties, susceptability to'Yepstitivé cycling éud vibrastiee - /7.
1 test, aud leng-ters cospatibility withk nitragens mmu-. Teat M&mm«! .{\: .
: 1. the mmuuty of the design 5 all aspecss, A hnumd tine of SR O
.1 "1830-hours (over tvice meximmh aission time) peoduced uo detersoration of tu
" Z| D>lsdder. The presemce bf the slmmimin interfoil lsyer veduced the rate of am-o-
. gon gas transmission by appraximately two orders ok magnitude, Actormulation of -
.1 eix expision cycles after swbjectiom to m;ht kec”tanco and mnuuum hnl,
.vibrition test produosd no sdverse affect om Thiadder capability, e epdponily. f-:.
teflon/alumminkm expulsion bladder is to be tmrpmtpd into the auw ‘mh :
o ot pu lmur Orbit'r Naght npuocutt, R “
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1 euring emgine—vendor tests, wad during the Subsystém Design Verificatiom/Ra- -
= uabnity Pamonstration tvut  PROgTaR, Tost data hn shown that under coadiuam“
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‘been shown to be ©f marginal stability when uitrogenrsaturated oxidiser is -
‘employed, - ‘Unstable combustion at a frequency of 340-360 cps has been chserved

,’-cilhtory operstion, enginé prfmlnoe 1a degraded om the erder of 10-15%,
and that the thruet osclllations may mduu structural vibration chn-actcrutmt
) that ‘nay have an advm- nftoct upcn muuv. hmt eoatrol .qu-nt. 5 .

- atuﬂy otrorts m«iod thst the more "acomomical’ mn.eh to thc probhn
solutiou, ‘and one that would have the lgest impsct on spacecraft. scheduling,
would be to significantly reduce the rate af which ths Hiitrogea ssurant

diffused through the’ expulsion blwdder and disselved’ ‘Snto the.
lunar Orbiter missicn, thé last welecilty change menvor otcurs upraxiutdly

beyand that polat, S ’1_ A '
. . . ‘, - . o o
Pnrt.htr uvnt.tntlm revesled :hut the Jet Propdllion hboutory lud :

| bladder for the Surveyor cp-cocntt. The limited amount ef test deata avsilable.

of oxposuro (ntiutod) was quite laz. . . Ll

.,‘:-- i ’ 4" v ‘,»;,

: m tut data were eneouz‘umg to the point that noeurmnt of meru

test bladders was sutheérized,’
Company which also supplies the standard all-teflon sxpulsien bladders for

Lunar Orbiter, Apollo, LEM, a-uu. etc, This report presents the results of a

expulsion bladder for use in the lLimar Orbiter VCB sxidiser propellant tanks,
The ecope of the program encompagsed, amd emphasized, the following biadder
chara¢teristics and capabilities: 1) ‘campatability with nitregen tetroxidg
under long-term storage, £) repetitive sxpulsion cycles, 3) gas tmmuiea !
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18 dayy after launch, asd the Yclqcity Ccntroz ﬁm-ynm is »o lenccr oponttn .

‘ 'ban-md preliminary development effort of a cqnpositn tonm/almnun cmlum

indicated that the aluminum f0il interlayer provided a substantlal Darrier:te A
nitrogen gas transmission, and that the oxidmr utmtwn Iml nttor 1B days A

‘Test bladders wers purchased from the Dilectrix |
comprehensive Boeing Cospany test program 1o evaluate & composite teflon/aluminum
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B pridiullmlin; the oxidiser te deterwine the emount of utroun m 47
_solwtion,
- aXudder absoublies,
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same time periocd,. the saturption level #ith a 6-mil, wli-tefion bladder’ts
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‘4 ewocite uﬁm/.lu.im mhiw blnddcr hu bum ﬁluutntd aq st~ | E
able for use in nitragea tetroxide, ‘ The major. goal éf the an has been te -

demonstrate that the presemce of -the aluminus intertell will mucwxy impead
the transmission of nitrogen to mimimise uxidiser saturation et the ronclualon. of |

- Velocity Comtrol Subsystem qa-nttn. \the design shell alwo be ‘Cupable ‘62 vltb & S
_atapding rqpuutivc cycling, thermal epviramment, #nd launth-imduced vibpattoy

spectrums. ' The results of the test pmrln Qha t!nt m )lgdaqr mn fnlt;.‘lh '
all d:Joctivo- ond roqnimﬂ.f ;‘ ;, o .., R ", LR
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‘ cu mntw pnporthn ot «n- &rzMMm )I:Qder ‘weze ml\utu by

A totsl of 35 permeation messurements were conducted an three npi-m

P llr

e resultant. c.u indicate that the nitrogen: uiur.tup
‘mission profile will de neminafly lﬂ. ﬂn
»" .: )

approg!utely 100% Dsts -inllicate & nitrogen trindmission rate of ©, 0080, Bim/ b

br/in” ftor &

fion/aluminum Blsdder, nd . tumtuim rnto on. tln order Wt
~0,l sce/hr/in ter the nundlrd .
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Expuluon q.pcbuity hn ban “mtnt.d by 'ubscctlnc faur mt unitp to- '1
a totul ot 13 expulsion cycles, nine of which were to the 98% devel Omes unit “
soccumulated a total of six axpulsive oycles, Expulsion tests were tanductod at |,
temperature extremes of 36,8°F and 86,8°Y, .lodennhttd: or m hisd qh— TGN P

EEN
Mg

' Pour ;ut units have bnn -xpoud to: uitm Mrgxido for as mmd.ted
Maximum exposurs ti on ome WNit ves 1630 hours, ® . f
yalue that is more than twice maximum \ts mﬂq,mmm. e A to )
No bladder deteriaration was cbserved in that time period, though. » fow un':te

areas of locslised delamination were aoted, ’

[N

he daluin-txvn predssad no .
3 detectadle variation in gas tmuini«: or ;nnu humn nnancmuuu,
v atq-tge tuu were conducted at so-u‘r % N

-

o e 4,‘~

rj.

- were ‘tested to Flight Acceptamce levels, aid two were tested st tle m-uno-tiu ]

‘gibration test,

¢ ‘ 2 s
- Pour ‘test units'were j\bjoetod to !mneh.mne.a ubutzvn m nx | };

level, One test unit wxhibitesd excessive ‘at the ‘conciusion of gual-iewe} '

‘An inspectiom of the'unit revesled n permament twint aith tep at |

{ to the propellant standfiipe, snd 1¢.1s believed that tiis failurs’ muam—a- Az e
~ huted fe°slightly isproper iastallslien aggravated by vibration test, ’ o.tt.rf 80
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undersized, The Dilectrix c-’lly ’nr!.xinnuy 5’ ‘hgt ;o-tm
of the composite blasdder walld mot de u—mot as th-c af wn ﬂ:—wlm Wity -
the febfication mandrel wes shortesed 1% .to spccommodate thie A1 3o !hrthar
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dats indicates that the shrislage veltves sre nesrly egual. indpertiom upes -3~ 4
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bledder development sifort oingisted of spveral invastigative sress, hft PO~
grasming emphasised determination of nitrogen gas transmission rate, #xpulsion
cycle capability, compatability with nitrogen tetroxide ower a iong-un period
‘at tperating conditions, and tha susceptabilit, c! the bladder to the I ol
‘¥iter vibration envirenments, Sewarsl test sites were ulnlvcd iy th-
. Vibration tests were conducted at the Xest Space Center: ' atorage and ”ﬂ.‘im
tests with actusl prapellant were q:inmntod at the Dilalip Test Sito; a8 teans-
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separately. in_ Referemge ¢: that prncm Qamutou af gas transmissiom, oompat-
ability, -and pol strength tests on small semples of bladder matorial; i.8,y  .|°
coupons, Although buicany ‘i mlnurnu demonstration test prograsm, the. * .
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" Test Site, \nbntim Sests tm oondnetod at the xcnt m« canhr.

. 4,1 gnmtm & mnon ms'r muup < -‘;g RN . RO

=" Each tank was oqui’pol ith thres -oun-u-opmm'vuw- im- Mu.ucn».g%
" vemting, and propellant lceding/expulsien. . A mamu) throttle vaive ‘wes included | *

:he mntiuttm vnv- rcnindl “ - S SR : zr

ST e R
+ - 4.0 TRST FACRLITIES | .

-~ . s 1 - 0 o "‘ S0 . N TN S
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A brief descriptiga of test support ¥acilities utilized id the progrem
are presented in this dectiem. Gereral operationsl techniques amd fnstru- o
“mentation system cmpctarhﬂu are included, Storsge and upuhton testa with
‘nitrogen tetraxide, because of 1ts high toxicity, were oobducted at. the 'mhup

-
N L

i L
. Those phases of the progria rbquirinc lax‘atm exposure- uul/br the
opulsicn of nitroger letraxide were conductdd in Ares § at the Tulalip’ Yest sﬁ..
‘The equipment and techaiques ewployed vers similar qr identical ty those uud u
" the ttttniun-anoy propnlunt tznk tnvostip’tlms (ﬂntoranoe 2). iy

it
7

« ke

——
~ .o o - ;; ca - e 4

4.1 1 Test quihnon . «"‘._?? :.,;'1 o Rt - o 'T.j}'-i Se
. R i 1

The tanks were mted on . r-cnity--uppnd -tua rith tha mxtmml ‘ ’j z

axis vertical and the tank outlot down, Pigure 3 #hoks & typical installation; '

the protective shipping conr wan relioved prior to to-t ‘An inmmlated cover ns |

_positioned over the tank to provide the necessary ‘shermal eontro). The desired | -
temperaturs environment was ssintained by & thcw.t(ucaxu cont.roued, B B

electrically operated hot-air blower (78,000 BTV Coates Air Heater), . The lh.ha» '

- #tat senses and controls the hester’s outlet tempepatuve,’ dot tite to.p‘uturb -t
within the test cell; hence, the snvironmental tewperature ¥ill tend to flucthmte {

somewvhat depending on the .fzoctivmu of the inmilalion abd the extremes of |

sxbient temperature, -As will be shown. in Bection 6,3, the uvimul tea- 1.

pereture seldom varied more than 5°F in & 3¢-hour puan. IR B

, Propauant loudtns mrntima were a\ductod by tm-hrrhg dlrnctly fro- .
the commercial shipping containers im éonjunction with f.cinty-luppued lines }°
and valving. Labar Orbiter ground servicing equipment was mot ayailable xm thfu |5

" test program, The propellaat tank was filled with nitrogen tetroxide (et o 7 . .
.transfer pressure of npproxmtely 23 pu‘) until overfiow was observed ia thn b A
liquid vent line sight glass, ~The liquid vent valve was then clased, tite tank ']F';
pressurized to 25 psig, and three paunds of oxidizer were otf-londed Back Jmtp | o
the shipping cylinder to provide the necessary ullage volume, Propellant nuhti et
vere determined by means of a facility-supplied platform scale readsbls to ¥bést s

9.5 posmds, No difficulties were sncountersd in ﬂnn oponuau. nd pach ﬁn&‘i

- was loaded ift 15-20 ni.nuteo. B A .-4;__ S Y e

f--
L)

-to sehieve the desired flow comtrol, A lnputu(, schegatic of the’ test con- N _"."*1 .
figuration is shows in Figure 3, 'lhq pressurization and wopolhnt valves were | ;
of the normally-clesed type, and the vest valvey was of tkrnaru;.ly-cptn» type;, thul,’

* in the eveat of en slectrical ‘failure, the pressurisation snd ‘propellant ulvu N

‘would autmticnny close {12 they wers gpen) .and the: ‘viht-valve would om b &
The normal operating mode after oxidiser ‘louu-c »ag complated (tu- _storage’ um) i
was to pressurise the tank and then’ €lose the mammum valve; represtwri~ ¢
gation would pecur as required to.sgoount Lor emell’ .leaks 1n the faoility system

and/or pressurisstion gos dissolving hto tln prcpnght, nu-ig mium t,n {
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" recorded on a cogtinugus H-hour hﬂa,

" - ‘accomplished by means of » atepping wwitch and index whesl that atapps '3 )out”
" and channel number for each datp parameter, -
“oapability and the time ‘inerement b-tmn meoui‘n whexnels da opprcthﬂ-dy
30 seconds. During storsge test the recorder was contralled hy a cexoperated

" buring sxpulsien tests, the tiser wap bypissed m ‘the fetdrdir operated fer
‘the duration of the test,’
o 1 #tendard leeds & Northrup strip ‘chart recorder. with's dnp

. flowrate éuring omlsim uas tobo mardod on s nmeynn lrovn ncardm- u

.- Figure 8,
‘are sstimated to be on the order of 0.5-1,0%, temperature measurement acocuracy im

S N 3_‘—‘

‘ ‘_‘ mﬂa‘ uursgé m- ut m mnﬂ. tnk ptcnurn .nd mu‘tm ven '
- The mﬂw-mm«dwa
This udit ‘ts & muiti-point uooﬂ-riin
-mu &

Leeds & Northrup, Model a. monhr. ,
that several data channels may be mcnbd ‘o _the a2 Anstrumeat,

The

timer; every 40 mibutes, the recerder was tmrned ®n for shout five Binutes,™.’
“Zhe pressire 1us acress the tank ves_revarded ou & |

sole; this dats system was oporlun omly during ap ctpuhicn cyele. Oxidizer

. B \“
.o ' L. 3 ~F v,
i _¢ e

A tinpuuod block iimn ct ﬂu u-tnmntttiax tyms 15 lhm 1u ,
The socuracy of the pressure snd differential pressure mesasurements -

1~-2%, and the flow. nenurmnt acturacy was 3-5%. Instrumentation dipcrepancies
observed during the program were failure of ¢{he 2low seasiirement, sad s L‘-’bour
malfunction of the 1AN multf-point racorder,. ‘A special turbine-type fiommetas

was purchuod from the Pottar Aormntial Cnrporatia: (IOdel lo. 3/!"-6?!0; \f;i R

s.u Py

1"‘1“ i

. . }conscle | -
oo} Display 1 ... ',‘:

' S T 1g Bridge . | AP Recorder | .
.Y '_ s 3 .7 o "‘m“ ‘ , B \ '
- Power . Supplies| -

oy . Lo - ) s - -
P ~ AT L e

“”"Qh uco
Model RJ- 4081
* ‘htarm
 Jundtien |
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o

?otur !hctrouic
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" 7'._

.hhrhi !o. m 3:'0 -38) ﬂt.h th.p -,huld -
tompatible for lang~term usage in ‘Bitrogmm tetfoxtde, !p nemlm ‘whe' dmu-d
‘on the initial sxpuleion cycle after £ivs days. uposuro to the. cﬂdim; "
Semoval and imspection of the mpter revealed thit the Mtnm uppr.ntly
"fromen" in its bearings, The Clowmeter was retursed to the wandor, ~On. sub-~
sequent tests, svarage flov was déterniaed from thé wipelled weight.msd =
elapsed time, AR amplifier failed in the L&N roconar @ % Inroh md m&-
utoly 18 hours of trumeft—ponhus data v.n 10"

me_m

B Vibntion best of the vurluu unk uuuanu were mctcd -t m
" KeAt 8’.00 Center, Bullding 39-24, - Xhe Nlt fim 'Dl'. fabriceted M
" designs obtained fram Bell -Asrosystens to. insure <ompaiable fespouse ohiwp- |
.aeteristics, The test squipment caisivted of ‘a Wong M9 vibration’ siciter
| driven by a Ling 178 KVA suplifier in ‘zénjwictidn with several amits ot N
- .peripheral support squipment; i.e., tape recorder’, sweep ‘esoiflgtors, ABDR u
sutomstic equalimer, etc,  Figure ¢ presents a photographic view showing tali
tustallation on the vibratien ewzur Lor E~axis tepting. - !'!,‘nri 6 sbhows's .
similar viev for X-axis test _’rtoi' X0 instsilation of the rotocu.u esge, . .. .

- 7he hoses leading to the M tmk m for 1;lqu,ld trmhr and mminun,

e

.~ .
= T

Priar to initiating a ‘yibration bnt, the :uk ty tulod -itg . iittm ot

Freon and methanol to similate the nitrogen tetraxids. After overflew is

achieved, 1300 cubic centimeters &f liquid are off=leaded to provide the dhn

volume; the tank is them pressurized to 40 psig, :After cempleting a tmst; the
. simulation liquid 1is drained from the tank by pressurizing through the iquid
vert line; this defueling tcchnlqua lvoids cycnng the .xpuloim bhddpr. ;

¥

v

°

. During toat amhrntiou dat- are roooraod o unéuc tm (Allnl !R 900
tape recorder): input vibration was monitored by an Endevco 323219 acceleromster,

meter, The data 1s recovered by replaying the tape through tuitﬁlo electromid
- instrumentation equipaent, Sinusocidal spectrum tost data are ocmod and the

La g

-and the response of the tank assembly was monitored by an Endevco 2228 mhro-‘j

1

.

Y
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maximum scceleration lsvels automatinally plotted as » function of the frsquency,
Random spectrum data are sacanned by a power Spectral density smzlyzer which pluots
the data 1n terss of the square of the ecceleration level (to avoid nggative
 pumbers) as s functiom of frequency; the power spectral density of a no-m!odic
acceleration tunctiw is the average acceleration in & ons cps frdqmy iaad
plottod as a oomtinnous funct.lon ot tuquoncy. <. _ )
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( .. - Wine tollax/'ﬂu-inua expuhtcn bhddou wein ,murod $ {4 ml.mrtnl mf 4
: ,purpou-. The composite bladder 1s essentially jdentical to the standard ali-.
: . { . ‘teflon units with the additiom Of @ o.zs—in layer of 1100-series alumigpun foil |-
to provide the gas tranemissioi darrier, - From the liquid side out, the hln&r i

. {5 comstructed in the following manser: .3 wils of YWE teflon; 4 mil wb FEP i .| .
teflom; 0,35 wile of wluminum foilj 3 mile of FEP.teflon,: -All layers aye - L e
bcnded tm'r hbh I brul).y wnurm thc toit hutary of ou:b ﬂMt. h
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‘ Baisg engineering development \nits, the ‘test biadders Pere wmirchased witheut ~
‘benefit of rigorous quality obmtrol inspectien snd were insialled in the tanke | |
' by Boeing perscmnel, 'The sbove listing emphasizés the Recedsity for extreme [
cautiaon ia handling, abipping, and testing an expulsion Rhladder; for DPladiera
were either damaged upon Peceipt or prior to installation intc & tank shell - .
e mortality rate of 45%. L e T e S S R
"= . A small degree of shrinkage is ®icountered as ‘the blsdder is oured, B
" The Dilectrix Company had estimated that the shrinkage of the tompesite Bladder |~
would not bs a» great as for an ali~teflon bladder, snd the fabrication mandrel
was shortened 1% to ctmpensate for the sstimated difference; MNore fgoent dats -
indicates that the shrinkage of the teflon/alumigum bladder is more nearly equal } -
" to that of ihe all-teflen bladder, ami there is svidence 30 suspect that test 1 °
bladders were undegsize. Tuspection upon receipt revesled a fine netyork of - "}’
‘11ght patterns, indicative of minute sluainum foil crackinmg, in slmost all best |
units., Gubsequent tank installwtion and testing served to sggravats the 4 7 o -,
condition, Boeing and Bell Asrosystema have instituted the necessary hupcc':}'m"
and control procedures to prevent recurrence of the problem. LT s 0
‘Several test bladders and one production unit were examined to ascertain
material thickness; the minimum thickness of the teflon/aluminum blsdder should J
be 6.25 mils, Four langitudinal "gores” were removed from sach uuit, and nine ‘
nsasurements were made om each gore, Thickness measurements were made with s .
Pratt & Whitney "Super Micrometer”, Nodel G-3100, at an anvil force of éme .
pound, The following sumbarizes the results: ' S
' ¢ 4 N
Average Bladder Thicikness 17
S/N 122-3M, . v ¢ o o‘o " € o o 6. 21 mils ) . . ':_
/N IB3-BU, . o v s s s . .88 mAs - o T
B/N 149-3M. , . + « ¢« s s < o « o D94 mils . SRR
S/NI151-9M. . . « « o « a + 4+ » . 5,04 mils B N I
S/N 152-3!» s o & ¢ & ¥ v & s o o 5.,77 '11‘ ’ :“:'.?.‘. l.“- 3
E/N154-3M, . o ¢ ¢ < <o s o » » 5,82 mils . I S B
sm 153'1 ¢ o ¢ & v @ o o o-i . ® 5.53 -11' ’ : ; 4“. ;:.111 ‘
Bladder 8/N 153-1 was the productiom umit, . AR I
A . X . o . . o K . . ‘,-‘1_‘., s S
I ST &
N ' - B ,Fx:‘_&‘ ;. s Ty -
- T 4 e : ." ‘v';' hd
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(_ , ’ ' 'mo onzinoormg tast pragrn aoviud to lnlua‘bo m eclpoditc tqfl:m/ -
1 aluminum expulsian maddor for use in the Lunar Orhitor ax\dizer tenks u— ~('J,‘_:‘* T
. compassed seversl areas of investigation, The areas of test ineluded })- B
expulsion cycling, ) gas iranemissicon rate determinstion, 3) long-term oxpon* s
~and compatability, and 4) vibration test enviromment, Nost tenk/bisdfier - B £
* assemblies were subjeeted to afl af the sbove test oenditions, The tast pro~ 'f
gram repults presemted is the mipsequent seciiens sre arranged in tarms & the {*
primery investigative atee yafhet- than . chreno&q,leﬂ mry the basis of -
B tuuk assembly 1dcnt!iicatioa._ o NP . S-S .
1 : 5. WION CIAMC’I!RXITICS ?_ }),-' 7 '. ' e JERa L{, R ’g«,'ta. ;‘f,-.'*'» I T T [
q o o oo o SRR I ST I M
oL i ¢ tlu operaticnal unim, tho YC8 propelll:lt ﬁnk bhddc;-a arp uluect-ll «,':
to only oné complete expulsion cyele, A determination of teflom/slumisum - - ,
bladder eyclic capability kas hasn sccomplished by subjecting two upits to tnur :
expulsion cyclas each, Additidnsl expulsion dats has been scorued in the - -} .
course of storage and mission simulatiom testing, ane will be t_nrind as 8 |
. portion 6f that investigative area {(Section 6.3). oxpaloion sycle” phase of]
2 the test program subjected the test anit to two 905 ¢xpulsion oycles and ¢wo *
c 98% cycles; the tests were conducted at high and low temperature sxtremés &f .. | .
< " 83°F and 40°F. A 90% cytle codsisted of expelling 80 pesunds of oxidiser; A N
b 98% cycle, by definition, is cmducttd until the preunre 10-- mois the tu\i‘ Ty
. ’;‘ ;:seﬁ)ly exceeds 2 psi. ' S ‘ . . " S - A
(. E 'ellr-nka/x4-:1m-rs/n1n—3u S . '
E ' T ‘ SRS S
- After campleting FAT-level vibration entlnc nt the hnt spae. Oontnr," : N }
3 Tank S/N 4 vas delivered to the Tilalip Test Site en 2 December for the pro- - . . {*%
P grammed series of expulsion . tests, The required four cychl were aeeapulbpd :
2 without incident, Table II1 summarizes the test conditiaons as actually re- - R
- corded, ’ ‘ o i . [ T -
. e o Wable IIX oo oL lnloend
. : . : SR BLADDER 6/ 188-3M . - - L0 el L0 T W
: L _— | EXPULSION TEST SIMMARY <. oo Lt ,_'13'-_1 BSR4
’Cych - l"rumo, ’ _ 'h-pentm, Mu. “‘.mt ; *
Number - paig S F - _be/pec lbl, Dnto
Y 0.6 . 7 m 4 e ,' 00‘ : n-t
‘ 2 . 1843 . 85,67 0.0 .80 % -
: 3 - 182,28, ¢ :r.o..,ﬁ‘;;’-;;p.qau;A':-.n ' 1!-6 v
4 - 186,8 - % i 85,1 ; - o.oéo P ’n—;
The nbon vnl.u.u ot ptcuun, tawatm un ndmu m uvcmo tot th- »‘?\ﬁ
S test, PYollowing the sscond and fourth ‘expulsion @éycies, s blsdder lesk test <~ | !
; ' was conducted st an {nterpsl pressure of 10 psig. -The measured Isak rptes .'.4 SN
vere zero and 3 suc/15 minutes, respestively, The tank assesbly wes flushed - =
‘with a Freon/metharol solvent ou 7 December and returnéd to the NEC for o I :
.ssvenbly and mmtin‘ ;Oxiduisr u- mnnt u thg tnk uu‘ly rw n totn:
mfntllsv.sv.u'-.L - . R L RS i 3
n .' .;_;5 > ‘ ©
ev LTR - A - ..m

>z ‘>.(";ﬁ by ;.‘ ‘»"'y‘j 1;0 F T
C Y e R ¢ o - 1 L

R .‘.l. . "',” kg Ak &:& E." c»: E} g Ei "kf"d’
_u...‘é-g‘ud\' PIRTRALIT-E T N %l )ﬂl.h d bl ""4; Sus b

.:'T uuzu-pw nsv fuw'-‘. T R 3
SR Tl ot F ‘f[ ngrmixf"”’“&&&



. i Lo ) S
— | _ o R
G After ‘removal of Bisiidor BN 123-31 from the taak, it was aoted that’ there

R yare several hair-1line orscks in the outer tafloo FEP lamins snd be slwwinu
\ toil,. Figure § presents ah oversll Jhdto;nﬂ'xu:' view o the bhddu" snd tank}
yigures 7 and 8 are close~up views of the ms jor hair-line cracks, ‘Yiewing the
' pladder internslly with ptrong back-lighting reveals a network 9 mimor R
erscking not normally visible fram an extermsl izspection; ‘this is skown in
~rigure 9, AS aipcussed in Sectian 5.0, the ocbeerved srackizg canact de .
o gpuunu"at_t.nbum %o the vepetitive cyckiag < ‘the blslder may Bave bees .
- alightly undersized. “ne measured 1lsak rate being within specification -
4pdicated that the underlying FEP-TFK Tamina was still imtact, . No other dle~ .- "
" _crepencies were observed, . . B T PRI

N Rt

. . . S > . ‘v " N -‘f‘ . . o “'

e - PR . e Ca T o : R R L,

6,1.2 Tank B/N 10; Bladder B/N 140-3U e e B B
-t g i (i ! - - T - e . Iy . L L

-Aftar sucedssfully completing FAT and Qualelevel yibration testing, Tank
g/ 10 was déslivered to Tudalip on 18 December, “The ynit was subjected to the
programmed expulsion eycle testing without aitficulty, A n—:rmttnl o
test data are presented in Teble IV. o IR

\ S 7. - . Table IV

BLADDER 6/N 149-3X : R
EXPULSION TEST SUMMARY - RS

Cycle Pressure, Temperature, Floerate, Yeight, S
Ruzber _peig . M 4 1bs/sec - 1bs _ Dute ',;; e
W . EE Y5 AR LA O
188,7 , 3.5 s 0,00 80 1!-18”%» S S
191.8 865 ' 0,1295 g0 ¢ 189 T
198,5 - 44.0 -~ ga1 %0 ... 1D R &
g1.0 ~ . 86.B 0.133 90,5 - 1%30 - g

F "R

A plot of 8 typical lov temperature 88% expulsion cycls 1s presested 1n 1.
N Figure 10, This plot shows tempersture, pressure , pressure Yoss across the .
' : tank assembly, and the quantity of propellant regiinins.‘lll as » Yunctiom of
: : test time, The measured pressiuré “4oes ‘18 negafive for the majority of the ™~ .° L
test as the transducer 1is below the tank and is reflecting the propellsnt heat :
pressure (ses Figure ‘1), A similar presentation for a high tempersture @x- o 3
pulsion is shown in Yigure 11, ‘The pressure loss charsacteristios “in the fimal A4
o ~ etages of expulsion are shown on A expanded time scale in Figure 3R these ¥
SRS ‘ _theractgristics are camparsble to Bell Asrosystens deta for the standard o_,u-'-ﬁi\ij[
", | | ‘len expulsion bhladder . As the fiomsetel wes inoperstive,’ the propeilent ‘quantity
data shown 1n Figures 10-13 are ghlculuted values based @ the agsunptism that T

-~
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l

. the sverage fiowrate (table IV) #as mgun*t"thrm‘pt-.tp. pedt, [t }
o e, o ‘!;A' . ‘ oo A SR ;_m -‘::‘;. € ‘ _‘ ,_f; :; , “‘.:--‘,i:‘ ‘../ 4
Bladder &N 149-3 was leak tasted fallowing Yhe Weomnd ond Lourth wm-

7. palsion cycles; serd leskage wa$ measured #0 woth Scéhaions, .- Tank 5/ 30 was "~ 1

<] fiushed snd retdrnsd to the MPC oo ‘20 December, *ozumr ad been prasgat im . -}
T ihe ansembly for 45 heurs, Upam 3sassesbly, Bladdér S/N 140-3K wag ‘fosnd B
Vo | pe in excellant ecodition; ‘énly minute srews of 1ntipient stumimm deteri atioh
e wore noted in Actmticns oI pevers fé1ding ‘sad .cressiang, e gganqqn;,u'hxi =
r . . ont tewds to wéppors the hypothesia that ‘2he divcTOpABCicy, Syaeiyed 13 Rledder ‘|
' L o 123-9M were the result of that sanit Séing undersized. - lagder * 3a0-3:

was Teminatelisd in Mak §/N 36 430 returawl 2o fulalip Sor mLastcs Fomtetion. \
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BLADDER S/N 123-3M DISASSEMBLY




Figure 7
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Figure 8
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TEFLON & ALUMINUM SEPARATION




Figure 9
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FORWARD EXTREMITY CRACKING
BACKLIGHTED EXTERNALLY
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The nitrogen gas trmnuj.ou praporun of . mmpocltc toﬂn/.nlmm
expulsian bladder were evalusted om .two Isvels: . pt) oc-phto hhﬂde.r mnu

, &8 installed in the tank, gnd 2) ‘on small sawples or cmpam . Trsmsmiseion 4
~ data on sll~teflan ooMpous wers also thisined for verification of dl)k~tefiom = )

IR R -Ppredigted data, and to previde s compsrfsem for tonoq/nluim ghtl.‘ Dlt. b
- trom thau test t!fm‘tl are, r-port.d mwdlngty. O I S .,z“'“‘f-"
~e n 1 m.ri‘nt.l ““nill!! P N »r‘.' ’ ‘ 3 "‘ "‘v _‘: _“::?: ; '»l. :’ .
: . - "f I ’.: . ...». ;-:;‘; K o ;‘ o . - “'_;,".,_ ,:_:;-_
vl 1 n. zu trqniunlw ﬂant:l.m ot m oxmlucn )hﬂd.r nwul were 4
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uixtuyre is bubbled throu‘h » burette- ooqr.nulng s polium hydrqxilo umun : ‘
which ghsorbs the éarbon dioxide, The vélume of the nitrogen that was in
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"aitric oxide, etc,), are measured in the buntt.. The contents of the blutto
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o ' - A, njor design. ml of: un unmito h:t.lcn/nhnim a;puuc- bw-a-
S was that the aluminum interfefl impose s WOre impervious barriar to gea tm- ,
A © | ' wmission and yet Be thin encugh to withatand repetitive cyoling and yibratiom -
- : test without cracking or tearing., The rate at which ajtrogen gas diffases . ,
o : through the cemposite bladder should be low to the degree that the eritiocal
v . Saturation level 3s pot approached at tho time of the fimal mcecutt saneuver,
- © The maxismm time tocrement is 83 days, 14 of which are pr&ohunqh opn-au.m -
. ._'vith th.o proponnntl mmlud to 45 pt.l&

rEJannt

N o 4 s

s, ; -

R - nu gas tmmluiu ebti-uctorutie- ot thc tgﬂ&x/llmim bhdhr m .
ol .t " evaluated By periodically nthdm!ng Wunt spaples from the test teankage . -
PR 4t Tulalip and analyzing said samples to determinge the smeumt of utr@n b 3 S
T 7l solutiom, Oxidiger sanples ware expelled, uader ’rﬂmo into mall cmann
S © {380-350 c¢ volume), delivered to ¥ant, and analyzed ai desuribed im feetidn =
.o B 6,2,1, During the test program, 26 nroplhnt atuples wive analysed from, thno
: different ténk sswewblies, The nitrogen saturition lewel dats, in parosht, are
plotted as a function af time at opersting pressare i1 Pigure 14.- éﬁpnbh
data for the standard an-tbﬂan bladder (predicted and cuwcn Mmessqremants)
are shown for cumparative purposes, Mrvc that -the saturatism level 1s nots R
o . sero at the start of the test. "Thfs "mero shift” results #ram two factorss . V.
‘ ‘ 1) a degree of saturation, $-4%, sccurs 1 the process of transtferring frem . .-
. . the supply containme¥ to'iha opsllast tank, and 2) - the oxidiser becomes . . |’
‘further saturated as a résulf of the ld~day pro-uunch "soak" at 45 peig. ot ,‘
Note that the saturation level at the time of launch is ugniticantly grester |
for the all~teflon bladder, At the comnclusion of the 3%-day mission profile, :._‘: *
the data imucate‘u nominal saturation level on the order of 18% (the fisal : & |
MST-2 values for Bladder &/K 149-3X sre discounted in view of the unit's Wiﬂﬂ
test history). The maasured saturation levels sare comsiderably less than that -
considerad {0 be a critical value. The initial rate of nitrogem gas StrFans- ' -
nission (maximum partial pressure gradient) through a toqm/llulim ‘Bladder:
has been found to be on the order af §,006~0,81 scc/br/in ; .in gontrast, the
transmission rate of s 8-mil nn—tcnon bladder is o the order of 0.8 scc/hr/
|~ 1n°, These data adequately demonstrate the luportor gas tnnsniuim aurlcttr-
utics of the oupoaito bluldor mtruction.
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Gas tmn-uucn dats have haen d:tm.d tor nll-tgflon and tctlon/nlnutm .
L | bladder coupans, “All-teflon sample tests were condutted to verify the nm.‘uqu-
- lsyel graowth enurve as predicted hy Bell Aerosystess, These data are plottod m ',,
_ Figure 14 and show satisfectory carrslation with the pradicted smrve, Ihe’
. { - .coupon test equipment exposed a hladdh'r surfece area of 8,818 sq, 1n, Qz 'q
- Cw propellant ressrvoir of 307 cubi¢ centimeters, a mheo-vdlu‘o ratio
" closely approxinmstes that of a coiplste bladder uuﬁl;. ‘thu-day olhhnttu
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_saxples were testéd !

8,3 MGE & MISSION SIIULA'!'ION TBBT I'VAWA?ION

8.3.1 Tn.k S/N 9 Bladder mt m—sn ‘ f_f-‘

‘ 1npo¢od on Tank s/lﬁ m/bﬁnntod in H.(urp 28; tl‘
Vs-hour gm 1ntom1-. e ’ T

ynitized structure,

bladder ib that the pressnce of the alumimum Foil intreilsices & fore
and there is & résulting reductigm 14 bdand stremgth detveen lamine.
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. .‘
14 days, und ‘then attempt to peel ths teflon jamioa away from the aluminum ol |-

used was to subject the bladder toupa $0 hitragen tetraxide for a period of

utilulu & Tintus-Dlsoa Ontversal Tester ia’ accordance
cation ’Am 7-1878, Beveral’

n this masner: semples vere p-ol.d at a rate of ten inches
per minute, ‘Yhe Uata thersby btained are in terms uf the force’ rnqul:ot to
peel s ome ineb~wide ssmple st the -tonnntuned rate, The average peel :
strength of unexposed samples was fauml to de 1,98 1bs/tach; after 14’ days o~
posure , the pool otrcngth Muqod to npprc:lmcly 9, m lbs/inch. )
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Though prolonged nxyomre to nuu.ner mdnud tho to!los—aluﬂmn u- ot
hesive strength charecteristics, the
structural integrity and the absence of Wlsdder delamination, - l:lnim simu-. -
iation testing, Section 6,3.2, reveasled soms l00alised delaminatieon in Blddor 3
8/N 149-3N which had been exposed to FAT and Qul vibration, ‘six sxpulsion . .
cycles, end 1629 hours of test in the pressence of nitrogen tetraxide. The de- -
lamination may account for the larger saturation datys shown Tor this unit im.’

Figure 14; however, the results are fully ncontuhh ad the ahwnﬂ lockm '

rate was oaly 0.5 sce/15 minutes. R DU
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USE FOUR

!
The Reference 1 test plan specified the withdrawal of propellant samples i
and expulsion cycles on the fourth and eighth days of the test, A propellant :
sample was also withdrawn at the time of oxidizer loading to establish a
"background" nitrogen content, Propellant saturation data are shown in
Figure 14 (Section 6,2,2), A summary of the two expulsion cycle test conditions
is presented in Table V,

Table V

BLADDER S/N 121-3M
EXPULSION TEST SUMMARY

Cycle Pressure, Temperature, Flowrate,
Number psig °F 1bs/sec
1 193.9 84.2 0.117
2 190.3 82,4 0.085

Seven pounds of oxidizer were expelled in the first cycle, and the remaining
oxidizer was expelled in the final cycle,

The assembly was flushed with Freon/methanol and returned to the MPC on :
29 November; oxidizer had been present in the unit for a total of 281 hours,
A bladder leakage test conducted upon receipt at the MPC resulted in a value
of 1 scc/15 minutes, The results of the storage test on Bladder S/N 121-3M
were not wholly satisfactory, Disassembly of the tank revealed several small
areas where the aluminum foil had apparently crumbled and corroded, Figure 16
presents an overall photographic view of the bladder after removal and inflation;
Figures 17 and 18 show close-up views of two major areas of aluminum deteri- :
oration., An unknown factor in the test results is that Tank S/N 9 had been ?
nickel plated on the interior surfaces (a left-over unit from the tank storage
program, Reference 2), A greenish~colored residue was visible in the tank ;
intertior and on the gas side of the bladder, X-ray diffraction analysis con~ !
firmed that the residue was a hydrated form of nickel nitrate, Ni(NOa) « 6H 0,
Samples of the corroded aluminum foil were analyzed by infra-red spectrophoto-
meter techniques and found to be a hydrated form of aluminum nitrate, AY(NO_)_°*
9H50, The presence of the hydrated forms leads to the sirong conciusion that
the tank had somehow been contaminated with water vapor, possibly during a }
bladder leak test which involves a water displacement measurement method,
The supplies of nitrogen and oxidizer were checked and found to be within
specification in terms of water content, A product of the reaction between
water and nitrogen tetroxide is nitric acid, Breakdown of the normal passive
aluminum oxide layer and subsequent corrosion may have been enhanced by the
presence of the nickel plating; nickel is kndwn to be an active catalyst for
many reactions, From the fact that other bladders passed mission simulation
testing (Section 6,3,2) without deterioration, it 1s cancluded that the abnormal
condition of Bladder S5/N 121-3M resulted from a procedural malfunction and an
unnatural test environment; i.e,, the presence of nickel, :

'
!
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,0f increasing the level of design confidence, As Bladder §/'N 152-3M (Tank S/N4)

6.3,2 Mission Simulation Testing

Two tank/bladder assemblies were each subjected to two mission simu- i
lation tests in real time. The test units were Tank S/N 4/Bladder S/N 152~3M i
and Tank S/N 10/Bladder S/N 149-3M, The latter assembly had previousl: been ‘
subjected to FAT and Quel vibration, four expulsion c¢ycles, and removal and re-~ '
installation of the bladder: hence, the results from this unit would represent
&n extreme case, From the typical spacecraft time~line analysis, the mission
simulation profile presented in Table VI was implemented in this phase of the |

. Table VI

MISSION SIMULATION TEST PROFILE

Time, Days
——— S
T- 14 Initiate pre-launch pad operations
simulation, Condition test unit to 45 psig
and 60°F,
T-0 Simulate spacecraft launch, Increase tank
pressure to 240 psig and simulate trans- !
! lunar temperature environment of 80°F,
T+ 1 Expulsion cycle simulating midcourse
maneuver - 5 seconds duration,
T+ 3 Expulsion cycle simulating midcourse '
maneuver - 50 seconds duratton, !
T+ 4 Expulsion cycle simulating orbit injection 5
meneuver - 615 seconds duration, Reduce :
temperature to 60°F to simulale nominal '
lunar orbit environment, i
T+ 18 - Expulsion cvcle simulating orbit transfer ;
{

maneuver - expel to 982 level,

Propellant samples were to be withdrawn periodically throughout the above
32-day test for determination of nitrogen content, During expulsion cycles,
the tank pressure was reduced to & nominal value of 190 pPsig to simulate actual
Operating conditions, At the conclusion of the test, a measurement of bladder !
leakage rate was conducted,

After successfully completing FAT-level vibration, Tank 8/N 4 was delivered
to Tulalip and the first mission simulation test initiated at 1420 hours on
2 January, 1966, The previous test history for Tank S/N 10 ig discussed in
Section 6,1,2: the excellent condition of Bladder Ss/N 149-3M led to the deciston
to also subject this combination to mission simulation testing for the purpose
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U3 4289-2000 REV. 1,65

oo, 37



RS NS bE

CEN My TTE

IR L I

e R

Se—

was the newer of the and more nearly representative of a fli

hours on 4 January.

t
]

Tank S/N 4
Bladder S,/N 152-3M

MST-1

Time, hrs,
Pressure, psig

The first mission st
on 4 February without incident,
1100 hours on 7 February and concluded at 0930 hou
incident, A summary of the environmental test con

Temperature, °F
MST-2
Time, hrs,
Pressure, psig
Temperature, °F
Tank S/N 10
Bladder S/N 149-3M
MST=-1
' Time, hrs.
! Pressure ., Psig
1 Temperature, °F
}
i MST-2

Time, hrs,
| Pressure. peig
Temperature,

‘F

herence to the Table VI profile was emphasized for the unit,
flicts arose, then Tank S/N 10 mission events were
avoid interfereence with Tank S/N 4. Tank S/N 10 was placed

ght component, ad-
1f equipment con-

to be advanced or delayed to

in test at 1145

mulation test for both tanks concluded at 1000 hours

Table VII

MISSION SIMULATION TEST ENVIRONMENT

The second simulation test was initiated at
rs on 11 March, also without
ditions 1s given in Table VII,

Pre~-Launch Trans-Lunar Lunar Orbit
355 96.5 336
49,0 243 .8 244, 0
59.6 80.4 61,0

334 95,5 336,6
51.1 240.6 243.,3
62,6 85.1 63.3

309.5 168 264,58
42.0 220,1 240.8
58.9 72.6 60.5

334 96,0 336.5

48,7 241, 0 242.4

62.3 84,7 63.1

e adr et = ®

REVLTR

U 42882000 REV. 1'6S

.

BOEING }ruo. D2-100648-1

SH. s



ALY Tty AT

[

— ey

The pressures and temperatures quoted in the above table are averages based

on data points taken at 6~hour intervals, Figures 19 and 19a show pressure and
temperature iime histories for Tank §/N 4; comparable data for Tank S/N 10 are
given in Figures 20 and 20a, The pressure fluctuations noted in Figure 20 are
the result of small facility-plumbing leakages that could not be corrected with-
out interrupting the test: the magnitude of the pressure changes became
noticeably less as oxidizer was expelled and the ullage volume increased,
Corrective measures were successfully instituted prior to the second test,

The time history plots also include indication as to when expulsion cycles were
conducted and when propellant samples were withdrawn, Results of propellant
sample analyvses are discussed in Section 6.2.2. A summary of expulsion cycle
data parameters is contained in Table VIII,

A bladder leak test was conducted at the conclusion of each simulation
test in accordance with the procedures of Reference 1, At the conclusion of
MST-~1, the measured leakage rate was Zero on both assemblies; at the con-
clusion of MST-2. the leakage rates were 0-0.3 scc,’15 minutes on Tank S/N 4,
and 0.5 scc/15 minutes on Tank S/N 10, The leakage allowed by Reference b .,is
4.0 scc/15 minutes,

Both tank assemblies were flushed with Freon/methanol and returned to the
MPC on 11 March, During this phase of the test program, oxidizer had been
present in Tanks S/N 4 and S/N 10 for a total of 1630 hours and 1584 tours,
respectivel:, Post-test disassembly revealed that both bladders were generally
in excellent condition; some minute cracking of the aluminum was evident as

previously discussed in Section 5.0. There was no distinguishable deterioration’

or corrosion, nor any tearing of teflon or aluminum lamina, Bladder S/N 149-3M
exhibited localized delamination between the aluminum and outer FEP laminas in
the region of the unit's aft extremity (i.e,, flange end). Photographic views
of Bladders S/N 152-3M and 149-3M are shown 1in Figures 21 and 22, respectively,

6.4 VIBRATION TEST DATA

Four tank/bladder assemblies were subjected to vibration testing at the
Kent Space Center, The environment to which the units have been tested are
those specified in the oxidizer tank procurement specification, Reference 5.
The facilities and procedures employed in vibration testing the teflon/aluminum
expulsion bladder are discussed in Section 4.2 and Reference 1, Table IX
summarizes the tank, bladder assemblies and the tvpe of vibration spectrum to
which each was tested.

Table IX

VIBRATION TEST SUMMARY

Tank S/N Bladder S/N Vibration Spectrum Test Date
4 123-3M FAT 11-29
10 124-3M FAT 12-4
Qual . 12-~4
10 149-3M FAT 12-16
Qual 12-17
4 152-3M FAT 12-30

Note: TFAT - Flight Acceptance Test
Qual - Qualification
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In both FAT and Qual level vibration testing, the test unit was subjected to
appropriaste sinusoidal and random vibration spectrums in each of the three
principal axes, Figure 23 presents typical Qual-level sinusoidal input and

i tank response characterietics, Figure 24 shows @ random input spectrum, and

| Figure 25 presents the manner in which the tank responded to that input,

i The recorded tank response data agree favorably with that obtained by Bell Aero-
systems,

' One bladder failure was observed upon completion of vibration testing:
; bowever, it cannot be established if the failure is attributable to vibration
| test, or improper installation methods, After completing Qual-level testing,
the leakage rate across Bladder S§/N 124-3M was found to be 10 scc/15 minutes;
1 this is 2-1/2 times the specification allowable, Zero leakage had been
} measured prior to vibration test, Disassembly and inspection did not indicate
| any damage to the unit, but it was noted that the bladder was permanently
1 twisted, with respect to the propellant standpipe, at both the forward and
! aft attach points., The bladder assembly was leak tested at an_internal pressure
equivalent to ten inches of water -~ no significant leakage could be detected at
any location with a helium leak detector, The tank/bladder combination was re-
assembled and again leak tested; the leak rate had increased to 20 scc/15
minutes. As the leakage could not be sliminated, the unit was rejected and
' Bladder S/N 149-3M was installed into Tank S§/N 10,

On all other bladder assemblies, the measured leak rate following vi-
bration test was found to be zero, It is suspected that the failure of
Bladder S/N 124-3M was attributable to a slightly improper installation that
was aggravated by vibration test,
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7.0 CONCLUSION

The desirable characteristics of a positive expulsion system are that
there by a minimum rate of permeation and gas transmission, light weight, and
repetitive cyclic capability, A plastic or ribber expulsion bladder has the
advantage of the latter two characteristics but 18 deficient in the first, a
metallic bellows design imposes a weight penalty, and a metallic bladder is
not capable of repetitive cycling, The design goal of the composite teflon/
aluminum expulsion bladder was to attain the most favorable compromise of the
desirable characteristics, The test results as reported herein indicate that
this goal has been achieved., A cumulative summary of the four test units 1is
presented in Table X,

Table X

CUMULATIVE TEST SUMMARY J
FOUR BLADDERS

Number of 90% Expulsions . . . « « + ¢ « « ¢ &+ + . 4

Number of 98% ExXpulsions . . « « « + ¢ o« o o« o o & 9

Total Exposure to N_O, . . . + ¢« « ¢« . « » ¢ o ¢ 36538 hours, !
3-axis FAT Vibratiofh , ., . . « « o+ « « ¢« » + + « o 3 units

3-aAxis Qual Vibration, . . . « « + « 4 s+ 0 s e o 1 unit

Approximate Vibration Time . . o « . « « « + + =+ o 55 minutes

Number of Permeation Samples , . « + « + &« « o o » 26 !

Bladder S/N 149-3M accumulated the largest, and most veried, amount of test
activity including 1) FAT and Qual vibration (30 minutes), 2) two 90% and
four 98% expulsion cycles, and 3) 1629 hours total exposure to nitrogen tetro- }
xide. The post-test condition of the unit was satisfactory, The teflon/
aluminum bladder concept achieved a major design goal of reducing the rate of
nitrogen gas transmission; the nominal saturation level after 32 days of mission
profile testing is on the order of 18% as compared to 100% with an all-teflon
bladder in the same time period,

On the basis of the reported test data, The Boeing Companv recommended,
and NASA-Langley concurred, that teflion/aluminum bledders be incorporated in
the oxidizer tanks of all flight spacecraft,
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